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Key West. Fla ....................... 
h1ariett.a. Ohio.. ................... 
San Diego, Calif ................... 
Ran Francisco. Calif.. ............... 
Santa Fe. N.hIex.. .................. 

TABLE 3.-The probability that the differences f o u n d  between the 
rriaxintutn arid niininitiin rainfall f o r  periods oj 5 years t t t ight  be 
d u e  lo chance 
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ITliile the records for these stations have significant 
5-year riiasimum and minimum rainfall periods, tlie dif- 
ferences are not so great a? found elsewhere. 

Tlie differences between tlie niasiniuni and minimum 
rainfall for sonie stations were calculated by Bessel's 
formula. The mean annual precipitation for Boston 
from 1851 to lSS0 was 51.95 f 0.91 inches, while that for 
the mininiuni period from 1518 to 1847 was 41.07 f 0.77 
inches. Tlie difference between tliese means is 1O.S(3 f 
1.19 inches or about 25 percent of tlie recorded mean 
annual precipitation (11.02 to 1931) for Boston. This 
mean difference is statistically significant and shows that 
Boston liacl significantly more rainfall from 1851 to lSS0 
than during the earlier period. Another esample will 
nlso illustrtite this point. T!le mean annual precipitation 
for Charleston, S.C., from 1364 to 1S86 was 56.81 f 1.6s 
inches, while that  for tlie period 1841 to 1S63 was only 
42.70 f 1.13 inches. Tlie diiierence between these nieanq 
is 14.11 f 1.34 inches aiid shows a significant difference 
between tlie maximum and minimum rainfall periods of 
Charleston. As significantly different maximum and 
minimum rainfall periods have occurred in tlie annual 
precipitation records of all these stations, it naturally 
follows tlint, the average ~r inua l  rainfall (precipitation) 
a t  these stations has changed from time to time. 

Successive masinia and successive niiniiiia periods of 
rainfall for some of these stations have been compared. 
The annual precipitation record for Charleston, S.C., 
extends over two periods of minimum rainfall. The 
calciiln ted cycle showed these niiriinia to be a t  1853l; 
mid 1906. A coinpnrison of the annual precipitation from 
1548 to 1857 with that, froni 1902 to 1911 gave a proba- 
bility vnlue of 0.70. This indiciited that the snniples 
were alike nnd that one could expect to find similar 
differences due to chnnce only. Similar comparisons of 
tlie Lowell minima at, 1840 and 1913, New Bedford maxi- 
11111 a t  1S38 mid 1593, New Bedford niiniiiia a t  1S41 aiid 
1913, New l'ork City minima ut 1538 and 1916, and 
Walthani niinima a t  1840 and 1920 gave probability 
values of 0.22, 0.69, 0.20, 0.25, and 0.81, respectively. 
All these \Tallies are well over 0.05 and indications are 
that these successive inasinin are essentially equd and 
that these successive niininia are also nearly equal. 

Ackiio~~leclgments are due S. H. Goodnough, G. A. 
Loveland, aiid other meteorologists locnted at each of 
the represepted stntions for kindly furnishing most of tlie 
chta used in these calculations, also R. W. Powell and 
C ' .  I?. Brools for offering constructive criticism. 

LITERATURE C I T E D  

(1) CIAYTOX, H. H. World Weather Records, Smithsoi~i:iri 
hIiscellmeouq Collections. Vuluine 79, PiilAicatioii 2913. 1957. 

(21 FISHER, R. -4. Statistical Methods for Research Workers, 
2d Ed. Oliver and Boyd, London. 

13) GnoDNOuGH, 1. H. Railifall in New England, Jour. N. E. 
I! ntn- W-orks Association 29:237-438. 

14) ___-- Rainfall in New Englanrl. ihitl. 44: 1.57- 
352, 1930. 

(5)  G o u T E n E A u ,  C. Sur la varinbilite de la temperature, 
Aiiiiiiaire de In Soc.  Met. de France 54.133-137. 
(6) GREGORY, S i n  R. Weather Recurrence and Wcntlicr 

Cycles. guar. Jour. of the Royal Meteorological Society 56: 103- 
11'0. 1930. 
(7) hl ARvIN, c. F. Concerning Normals, Sccitlar Trends and 

Clinintic Change<. Monthly Weather Review 51:383-390. 1933. 
' 8 )  POWELL, R .  W. Successive Integration as a Method for 

Firding I m i C  Period Cyclrs. Anna1.t of Mat hcmatical Statihtics 

(9) R l E T i ,  FI. L. IIanrll,i~ol, nf hIatlieiiintica1 Stati-fic.. . 
F1oi:f ihtoi i  hIitAiti Co. Camliritlce, brass. 19'31. 

(10) n'onr,Ann, E. W. On the Mean Vnri:t! 
Series. A ~ 0 1 1 1 1 1 1 ~ -  Weather Review. 53: 107-11 I .  1915. 

1938. 

1915. 

1906. 

1830: 123-136. 

A COMPARISON OF DROUGHT CONDITIONS IN GEORGIA AND ARKANSAS 
By GEORGE W. hIINDLINC: 

[Weather Bureau office, Atlanta. 0 8 . .  Jan 10. I!r24] 

A study of droughts in Georgia was recently completed 
following the methods applied by H .  S. Cole in his article 
on Drouglits in Arkansas, published in the MONTHLY 
WEATHER REVIEW for May 1933. It was desired to 
bring to light what the records sliow as  to frequency of 
dry spells in Georgia and to compare such frequency with 
that in Arkansas as well as to examine such other drought 
conditions as might seem to he of interest. 

hlr. Cole used the period of 1898-1930, inclusive, but 
in Georgia not many original records were found available 
for years prior to 1900. Therefore, it seemed best to use 
the period of 1900-1932 partly because the record of ti 
station could be followed more ensily in tlie original 
records than in the tables of daily precipitation published 
in monthly reports and partly because by beginning wit 11 
1900 it WAS possible to select 12 well-distributed st n t '  1011s 
1i:iving unbroken records through a 33-year period. 

Tlie inherent difficulties in defining drought in terms 
of ruinfall are so generully realized and have been dis- 
ciissed by so many writers that  it seems needless now to 

add to what hiis already been said on tlie subject. While 
no entirely satisfactory definition of drought has been 
formulated in terms of rainfall, still it is possible to make 
a valuable coinpnrison of tlie drought conditions in one 
State with those of mother by applying tlie same criteria 
and methods of nndysis to tlie long-period records of a 
sufficient number of stations in etich region. 

The tables accompanying this paper present a sumrnnry 
of the results obtained in Arkansas and Georgia. The 
dnta for Arkansas have been taken from the published 
nrticle by Rlr. Cole cited above, while those for Georgia 
were derived by applying tlie s tme methods employed by 
hlr. Cole in his State. I t  is believed that this coiiiporison 
inay be regnrded H S  a very satisfrtctory one, since 12 well- 
distributed stations were used in each State and tlie period 
covered by tlie recoi*ds wits of tlie snnie lei~gtli and nearly 
identical as  to the years included. 

Mr. Cole says: 
I t  was decided to  URC all 15-rlay period, \\ i t h o i i t  niea~ttrahle 

rainfall during the warmer months, May t o  Septcmlier, inclitt,i\ c,  
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and to use 20-day periods without measurable precipitation during 
the remainder of the year. It was also decided that periods of 
over 15 days during the warmer months should be included if the 
rainfall for the additional days was at a rate less than 1 inch for 
each additional 1.5 clays, and during the remainder of the year dry 
periods of over 20 days should be included if the precipitation for 
the additional days was at B rate less than 1 inch for each additional 
30 days. 

Under these restrictions Mr. Cole found for Arkansa.s 
a total of 544 droughts of various lengths from 15 to 126 
days in the records of 12 stations within the 33-year 
period 1598-1930. This is slightly more than 2 droughts 
per year on the average a t  a given stntion, since the total 
a.mount of record compiled corresponds to 12 times 33, or 
396 years for a single station. I n  Georgin the total 
number of droughts came out 770 for 12 stations during 
a period of 33 years, which is slightly less than 2 droughts 
per gear on the avernge for a given station. This indi- 
cntes n noticeable, though not important, d3erenc.e be- 
tween the two States, so fnr as mere frequency of droughts 
is concerned. 

When the season of occurrence of the droughts is taken 
into consideration there is see,n to be an importmt differ- 
ence in favor of Georgia. Doubtless the droughts be- 
ginning in June, July, nnd August will in the long run 
result in more h m n  than those beginning in any other 
3-month period. Georgia's droughts beginning in these 
months number only 191 as compared with 368 in Arknn- 
sas. This is see.n to be quite significant when we consider 
how much less harmful the clry spells of other seasons 
genernlly are. A shortage of rainfall during the spring 
sea.son, unless very ncute, will be favorable for plant,ing 
and cnuse little hnrni. Likewise n moderate shortage 
in the fall favors see,ding operntions nnd cotton harvesting. 

Winter droughts in Georgia, as shown in table 1, are 
less frequent than those of any other senson nnd a.re 
seldom of more than 30 days' duration. 

While the t)otal number of drought,s is nppreciably less 
in Ge,orgia t>han in Arkansas, especially ns to those t,hat 
occur during the most important growing months, 
Georgia (see t,ables 2 and 3) has the larger number of the 
more prolonged droughts, especially of those that con- 
tinue from 30 to 69 days. Out of 770 droughts in 
Georgia, 367, or nearly 4s percent, lnsted 30 days or more, 
while Arkansas had 275 suc.h drought,s out of S44, or nbout 
32 percent. 

At individual stations in Georgia the t,otal number of 
c1rought.s witallin the stated 33 yenrs ranged from 42 a t  
Dahlonegn in the northe,rn sec,tion to 53 at  Mncon near 
the center of the State. The region of greatest drought 
frequewy in Georgia is definitely indicated to be in the 
central and eastern counties northward about thrze 
fourths of t8he way over the State, with a rapid falling off 
beyond this area both to the west and north. As would 
naturally be especked, the region of le.ast drought fre- 
quency is in the northern mountainous area w-here t'he 
normal rainfall is great,est. 

I n  Arkansas the relative frequency a.ppears to be 
greatest across the southern counties and least in the 
extreme northeast section, ranging from 93 a t  Arkansas 
City to 50 a t  Pocahontas. However, there is a somewhat 
surprising irregularit,y of dist,ribution in the central part 
of the State. The total number of droughts found for 
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3 13 

Dardnnelle somewhat northwest of the center of the 
State is 91, while the totals for the nearest surrounding 
stations used, beginning to the west and going clockwise 
around on the mnp are, respectively: Fort Smith, 66: 
Rogers, 6.7; Calico Rock, 75; Newport,, 6s; Little Rock, 
5s; and Mena, 65. 

TABLE l.-Dry periods in 53 years, by months, f o r  14 stations in 
Georgia. Totals arc shotun far both Georgia and dr t r l t i sas  

Albany ...................... 
Athens ...................... 
C'oluNbUS ................... 
Dahlouega ................... 
Dublin ...................... 
Macon _. _ _  ._.___ ~ _ _ _ _ _ _ _ _ _  
Neanan ..................... 
Rome ....................... 
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Thomasrille ................. 
Washington ................. 
Waycross ................... 
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- 

I. 
0 
;3 

107 
L99G 
14Y 
91 
53 
31 
13 
12 
10 

Y 

i ; U  
Y44 

- 

- 

- 

9 
15 
4 
9 
R 
5 

13 
8 
6 
6 

1.1 
9 

107 

204 

- 
- _ 

1 
1 
1 
0 
1 
0 
0 
0 
3 
0 
0 
1 

s 
10 

-- 

104 
134 
101 
71 

103 
99 
87 
86 

135 
78 
so 

144 -- 
...... -__ -~ 

- 
I. 

B 
El 
8 
a" 
- 

0 
1 1  
3 
4 
0 
0 
1 
1 
0 
0 

20 
44 

-. 

_- 

- 
r" 

m .  a 2 g s  
2 2 4 %  

Y 

_--- 
Ifi 13 IS 31 
25 8 39 40 
5 3 20 19 
1 0 13 15 
0 0 6 1 4  
0 1 S 1 3  
0 3 0 4  
0 0 3 1  
0 0 1 3  
0 0 4 1  ____ 

Duration in days 

- 
15 t o  19 ...................... 0 
2Oto 2C4 ...................... 21 
30to39 ...................... 7 
40 t.0 45 ...................... 0 
50 to 59 ...................... 0 
60 to 69 ...................... 0 
io to 79 ...................... 1 
80 to s9 ...................... 3 
90 t o  99 ...................... 0 
100 or more .................. 0 

Totals in Georgia.--..  35 
Totals iu Arkansas.-.. 32 
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TABLE 2.-Dry periorls nl 12 stations in Georgia iti 3 3  !/ears. 
sponrlirig fotnls nre shown for both Gcorgici atid Arkansas  
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TABLE 3.--Nun~ber of d r y  periods in G t ~ w q i u  (13 slal;otas rllrriiag %3 
Corrt~sponrlitrg y c i r s )  with 15 dnys or more, 20 rlays or more. etc. 

iotals are shoiu,i for boih Georgia arid AIrkattsas 

Albany .............. 48 20 .55 I Athens. .............. 50 24 
Columhns ............ 56 b2 34 
Dahlonega ............ 42 33 14 
Dublin ............... 70 61 32 
Macon ... ..._........ S2 77 51 

Rome ................ 54 46 24 
Savannah ............ 73 67 41 
Thomasville .......... 53 40 28 
Washington .......... 76 02 2C4 
Waycross ............. 75 66 33 

Newnan ....._........ 6s 55 31 

5 4 2  
1 1 1  
8 2 2  
3 1 0  
6 6 0  
13 8 4 
3 1 1  
2 1 1  

I 4  11 9 
6 2 0  

r 4 3  
2 2 1  

318 71 43 30 18 

154 1 :ti 1 63 47 ~~I~ ----~- ____-- 
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1s 10 
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13 11 
39 21 
15 8 
16 4 
29 22 
18 10 
9 6  
33 13 


